Bacterial luminescence is suppressed immediately by X rays and recovers promptly thereafter. This effect is similar in vivo and in vitro, and any disparities are attributed to physicochemical differences between the two sample types. Continuous measurement of dissolved ovvgen in samples suggests depletion of oxygen is not responsible for this radiation response. These measurements do show a transient increase of oxygen uptake by bacteria during exposure. Comparisons such as these should be useful in further studies towards identifying the radiosensitive component(s).
Luminescence of Photobacterium fischeri is immediately suppressed by X-rays and recovers promptly thereafter 1'2). The mechanism for this response is unknown. However, it is known that the luminous reactions require oxygen3). Further, the oxygen content of cells and tissues is suppressed during irradiation4 '5) . Thus, lowered oxygen tension of luminescent systems during irradiation would explain the suppressed luminescence observed. The re-equilibration of oxygen after exposure would explain recovery of luminescence which is also observed.
As a first step toward understanding the mechanism of luminescence suppression by X-rays, this response has been measured in vivo and in vitro simultaneously with continuous measurements of dissolved oxygen.
An aluminum irradiation chamber couples a galvanic cell oxygen analyzer and a light guide. The distal end of the latter attaches to a shielded photomultiplier6'7). For radiation studies, the chamber is moved opposite to an X-ray beam port.
Whole cells ofPhotobacteriumfischeri (ATCC 7744) suspended in buffered saline were used for in vivo studies. Cell concentrations were adjusted to 2 x l0~cells per milliliter. For in vitro studies, clarified, cell free extracts were prepared from lysed cells. Excess amounts of reduced nicotine adenine dinucleotide (NADH), flavin mononucleotide (FMN) and decanal were added to extract aliquots immediately prior to an experiment. The methods similar to that noted in cell samples following periods of anoxia 3). Both systems regain steady state luminescence within 3 or 4 mm. Recovery in vitro is complete; in vivo it is seldom complete.
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The differences of response to X-rays by in vivo and in vitro luminescence are undoubtedly related to the physicochemical differences between the two systems. To explain, the in vitro system is devoid of membranes and associated structures, has excess luminescence intermediates (NADH, FMN, and aldehyde), and a high protein concentration. By contrast, in vivo system membranes are intact, cytochrome activity is normal, and luminescence intermediates are present in much lower endogenous concentrations. Cells contribute less than 1°/õf the total sample volume in vivo2). This difference alone should alter the chemistry during irradiation, since most of the radiation-induced reactions will occur in saline rather than in the homogeneous protein solution of in vitro samples.
One can speculate that intact cell membranes will retard the entry of radiotoxins such as hydrogen peroxide. Data show that suppression of luminescence occurs more slowly in vivo than in vitro. Excess substrates in vitro should reduce the total suppression of luminescence by replacement if these substrates are radiolabile. In fact, Total oxygen consumption represents oxygen uptake by the probe and cells (S 1 and S3). In addition, oxygen uptake by radiation-induced reactions occurs during exposure (S2). A, B, and C represent oxygen uptake by bacteria alone before, during, and after exposure, respectively. The net effect of radiation on cellular oxygen uptake is given under column N and is determined by subtracting A from B.
rapid replacement of luminescence intermediates after exposure. The data support this.
Typical oxygen probe data for several types of solutions are given in table 2 together with probe sensitivities (k) [determined by calibration
for each of eight experiments. Also, for each calibration, data are given for the rate of oxygen consumption by the probe alone, i.e., S~and 53, in cellfree saline, in this medium, S 2 measures the rate of oxygen uptake during irradiation by the probe and by radiation-induced reactions (P + R). These values are used to calculate the various rates of oxygen uptake due to cells or solute additions to saline for the various experiments [for example, A = S1 -P,B= S2 -(P+ R)].
Probe sensitivities vary somewhat because it is difficult to install the thin polyethylene membranes onto the probes with equal tautness each time. Presumably, a very tightly stretched membrane will allow more rapid diffusion of oxygen to the electrode surfaces than a membrane not so tightly installed.
In In Experiment No. 3, the addition of millimolar cysteine substantially increases oxygen uptake in irradiated saline. The addition of other substances also increases oxygen uptake during exposure, but not to such an extent. For example, when in vivo samples are heat-killed, oxygen uptake during exposure is only slightly higher than for unadulterated saline (Experiment No. 4).
In Experiments No. 5-8, The luminescent reaction is independent of oxygen concentration above 0.3 vol % in vivo and in vitro 3). In no case during these experiments was oxygen reduced to this level. Thus, the depression of luminescence during X irradiation is not due to measurable anoxia of sample oxygen tension.
These results are particularly significant because they show that some radiation effects appear immediately upon irradiation and recover promptly thereafter. It is also important that these immediate radiation effects result from exposures to low doses. They are first observable within one second at doses less than 100 rad.
